Polyaniline (PANI) was synthesized chemically in an acidic medium in the presence of ammonium persulfate (APS) as an oxidizing agent. PANI/montmorillonite nano-composites were prepared in the presence of various amounts of modified clay (from 1 to 5 wt.%) by solution casting method. The free standing film of polyaniline and PANI/clay nano-composites was obtained by vaporization of solvent contain. Products were characterized by FT-IR spectra, SEM image, and XRD pattern. Thermal stability was also studied by TGA analysis, electrical conductivity was measured by four point probe technique and mechanical properties were studied by tensile strength. The PANI/clay nano-composites thermal and mechanical properties were observed to be remarkably improved. For example, polyaniline containing nano-clay has less weight loss compared to pure polyaniline. In addition Young's modulus and strength at break point was increased in the case of polyaniline containing nano-clay The importance of our work is to provide a narrow look on the thermal and physical properties of polyaniline by the incorporation of montmorillonite into its structure as well as investigation of the conductivity of PANI/MMT nanocomposites as a potential conductive polymer to be used in solar cells or have corrosion protection applications.
Introduction
Polymer nano-composites are a new class of advanced materials and commonly defined as consisting of two (or more) phases, a polymer matrix, and additives that have at least one dimension in the nanometre range commonly 1-100 nm 1 Nano-composites show a noticeable increase in thermal, mechanical and optical properties compared to their pure or conventional composites. 2 In the past two decades, polymer Nano composites have attracted considerable interests in both academia and industry, due to their good mechanical properties like elastic stiffness and strength with only a small amount of Nano additives (commonly 2-5%). 3 This is due to the large surface area to volume ratio of nanomaterials when compared to the micro and macro materials. Conducting polymers are polymer materials with metallic and semiconductor characteristics, a combination of properties not exhibited by any other known material 4 . Discovery of polysulphur nitride (SN) which becomes superconducting at low temperatures was the first revolution about conducting polymers 5 . Another great revolution came 152 in 1977 with the discovery of electrical conduction in doped polyacetylene by Shirakawa and et al. 6 Intrinsically conducting polymers (ICPs) are inherent conductivities and have a low energy transition, low ionization potential and high electron affinity 7 . Some other ICPs include conjugated organic polymers such as polypyrrole, polythiophene, polyaniline etc. These polymers consist of alternating single and double bonds where creating an extended π network by these bounds results in the conduction as a consequence of electron movement in the π framework. Among the ICPs, Polyaniline(PANI) has attracted great attention due to its easy synthesis process, relative environmental and thermal stability, 8 high electrical conductivity, 9, 10 relatively low cost 11 and wide range of applications such as secondary batteries, 12, 13 solar cell, 14, 15 corrosion devices, 16 organic light emitting diodes, 17 and bio/chemical sensors. 18 ICPs exhibit poor mechanical properties and are also thermally unstable. 19 Another drawback of ICPs is their lack of solubility in common solvent due to their rigid backbone which results in their limited processability. 20 Various procedures have been applied to improve their processability. Some of these procedures in the case of polyaniline include copolymerization of aniline with other monomers, 21 incorporation of a polymeric chain or flexible alkyl chain into the PANI backbone 22 composite preparation of polyaniline and other conventional polymers 23 and dispersion of nano-materials into the polyaniline matrix 24 . Creating polyaniline nanocomposites by adding nano particles is a promising way to overcome its poor mechanical properties. In recent years, polymer-clay nanocomposites have received considerable research attention because of the remarkable improvement in physical, 25 and mechanical properties, 26, 27 such as high modulus 28 increased strength and heat resistance. 29 Montmorillonite (MMT) is a clay mineral that consists of two fused silicate tetrahedral sheets sandwiching an edge shared octahedral sheet of either magnesium or aluminum hydroxide. 30 Clay is usually modified to make it compatible with the organic system including organic polymers. Modification of clay can be done by substitution of the exchangeable cations (Na + , Ca
2+
) with some organic molecules (usually organic cations such as alkyl ammonium or phosphonium). 31 In this work, which is the first step of future works, we report the PANI/ MMT nano-composite preparation by solution casting method and investigate the effect of nano clay amount on the mechanical, thermal and electrical properties of polyaniline. Researches on mechanical properties of polyaniline nano-composites were only a few cases reported in the literature. 1, 26 Solar cells are highly dependent to a high conductive material to collect the electrons generated in the p-n junction system. Other than a high conductive material, it is desirable to find an electrode compatible with the absorber layer material especially those with inorganic absorbers such as CZTS and CIGS. 32 
Results and Discussion

FT-IR spectra
PANI/MMT nano-composites (Cloisite 15A) were characterized using FT-IR technique. Fig.1 shows that the characteristic peaks of pure polyaniline appear at 1586, 1491, 1288, 1161cm -1 . In these spectra absorption, peaks at 1491cm (attributed to nano clay). Therefore FT-IR spectra confirm the incorporation of nano-clay particles into polyaniline matrix using solution mixing method. 
XRD patterns
Nano composite of polyaniline/MMT were characterized using X-ray diffraction pattern analysis. Xray diffractometer (Philips PW-1840) with Cu-kα radiation (λ=1.5418Å) source in 2θ scan mode was used to record the XRD pattern. Cloisite 15A has three peaks in 2θ=2.12, 2θ=2.81, 2θ=7.29. Fig. 4 shows the XRD pattern of polyaniline/MMT nano-composite. This pattern shows a broad peak approximately in 2θ=15-35 for amorphous polyaniline and also no peaks appears for MMT (2θ≤7.29) and this illustrates the formation of exfoliated state of PANI/MMT nano-composite. In this state, polyaniline chains increase d-spacing of nano-MMT so that there is not a considerable interaction between silicate layers. In order to realize the maximum benefit of a nano-composite, the exfoliated state is the ultimate goal, because this will present the maximum interfacial interaction between the polymer and nano-particle. 
Scanning electron microscopy (SEM) study
The surface morphology of PANI/MMT was studied by SEM as shown in Fig. 5 . According to micrograph of PANI/MMT nano-composite, nano-MMT was incorporated into polyaniline matrix with a diameter size of less than 50 nm. 
Thermo gravimetric analysis (TGA)
TGA instrument (Q50 V6.3 Build 189) was used to study the thermal stability of polyaniline and its nano-composites. In this analysis, the weight loss was measured within the range of ambient temperature to 600 °C. According to TGA curve of polyaniline and its composites (Fig. 6 ) pure polyaniline has three major stages of weight loss, the first weight loss is due to loss of water and volatile solvent up to around 120 °C and the second weight loss is attributed to the loss of solvent (NMP) that was used for film preparation, massive weight loss starts from 380 °C due to the thermo-oxidative decomposition of polyaniline and may involve the degradation products such as N-phenylaniline, methane, acetylene, carbazole, etc. The highest rate of weight loss occurs at 518 °C, in addition, the residual at 600 °C is 29.31 percent for pure polyaniline. TGA curve of PANI/MMT nano-composites shows the significant improve in thermal stability compared to pure polyaniline so that the weight loss for polyaniline containing 1% nano-clay reaches 45.46% and the thermo-oxidative degradation of nano-composite starts at 440 °C and its highest rate is at 492 °C, in case of nano-composites containing 3 and 5 of percent nano-clay, residual was reduced to 49.46% and 54.78% respectively and the highest rate of thermo-oxidative decomposition of nano-composites reached 507 °C and 515 °C respectively. These results confirm the positive effect of MMT for improvement of polyaniline thermal stability.
Mechanical properties
In order to study mechanical properties, polyaniline, and its nano-composites were prepared as free standing film using solution casting method, and the tensile strength was measured using a universal testing machine (Instron, 5566 USA) at room temperature. The test was carried out at a strain rate of 5 mm.min -1 until the sample broke. Stress-strain curve is shown in Fig 7. It's clear from the stress-strain curve that incorporation of nano-clay into polyaniline matrix improved the mechanical properties so that Young's modulus from 1.91Gpa for pure polyaniline reached 3.12Gpa for PANI/MMT 5%. In addition strength at break point increased but elongation decreased compared to pure polyaniline. This results due to the limitation of polyaniline chain movement. Results of mechanical properties are summarized in Table 1 . 
Electrical conductivity
The electrical conductivity of polyaniline and its nano-composites were measured according to ASTM.D 4496-84 by a homemade four point probe. In this system, four electrodes were placed on PVC layer. The free standing film of polyaniline and its nano-composites were prepared in size of 7 cm*1 cm and an average diameter of 25µm. The constant electrical current was applied between outer electrodes and the voltage was measured between inner electrodes. The electrical conductivity was calculated from Eq. (1) (1) ơ 1 . . . ∆ In Eq. (1) Z is the distance between inner electrodes (cm), X and Y are polymer film thickness (cm) and width (cm), I is applied current (mA), ∆ is the value of voltage (mV) that is measured between inner electrodes and ơ is electrical conductivity (S/cm). Fig. 8 shows the electrical conductivity of pure polyaniline and its nano-composites. It's clear from Fig. 8 that the conductivity of PANI/MMT was decreased compared to pure polyaniline because nano-MMT is an insulator, which blocks the interchain interactions between individual PANI chains. Initial weight loss (T0) from the model dramatically increases at around 12.3 wt% PANI content.
Conclusions
Polyaniline was synthesized by chemical oxidation. Preparation of nano-composites was carried out by solution casting method using the solution of polyaniline in NMP solvent. Synthesis of polyaniline and preparation of its nano-composites was confirmed by FT-IR spectra, XRD pattern and SEM image. The shift in FT-IR peaks of the polyaniline-MMT samples suggests an interaction between the polyaniline-MMT nanocomposites. The morphological study from the SEM analysis shows the compact morphology with an increase in MMT. TGA analysis showed the increase in thermal stability of polyaniline by incorporation of nano-MMT into its matrix and the thermal stability of the system was increased with the increase of nano-MMT content in polyaniline matrix. With increasing MMT content in polyaniline matrix, the electrical conductivity of nano-composites was decreased compared to pure polyaniline Due to MMT which is an insulator. The tensile test showed the remarkable improvement in mechanical properties when polyaniline nano-composites were formed so that Young's modulus from 1.91Gpa for pure polyaniline reaches 3.12Gpa and tensile strength in break increased up to 55% in case of polyaniline containing five present of nano-MMT. As our next step we hope to find polyaniline/MMT nanocomposites as conductive and compatible counter electrode for CZTS and CIGS solar cells which are promising alternatives to fossil fuels.
Experimental
Materials and Methods
Aniline, hydrochloric acid, ammonia, acetone, Ammonium persulfate and 1-methyl 2-pyrrolidone (NMP) were all purchased from Merch Company (Germany). Aniline monomer was double distilled before use. Modified clay (Cloisite®15A) nano particles were purchased from Southern Clay Company (US).
Synthesis of Polyaniline
Aniline (15ml -0.164mol) was added into an aqueous solution of 1M HCl, Ammonium persulfate (0.164mol) was dissolved in an aqueous solution of 1M HCl, then solution of APS was added drop wise into the aniline mixture and reaction was carried out at 0°C, at time periods of 8 hours and during the reaction the mixture was stirred at a speed of 600 rpm. After adding all APS solution to complete the reaction, the mixture was continued to stir for 2 hours. Polyaniline as a black precipitate was recovered by vacuum filtration followed by washing with acetone, ethanol and distilled water to remove oligomers, hydrochloric acid, and any unreacted compound. Finally, polymer powder was dried in an oven for 24 hours at 60 ° C.
Preparation of PANI/MMT nano-composites
PANI/ MMT nano-composites were prepared by solution casting method. In this method due to low solubility of Emeraldine salt polyaniline (ES-PANI) in NMP solvent, it was converted to Emeraldine base form (PANI-EB) by treating in ammonia solution (1.5M) for 8 hours. The polymer solution was obtained by slowly adding one gram of powdered polyaniline-EB into 60ml of NMP solvent for time periods of 10h. After adding all polyaniline, the mixture was stirred for 12 hours at 600 rpm. At the end of this time, mixture was filtered to separate the undissolved parts of polyaniline particles. The concentration of polyaniline in NMP was determined by the gravimetric method. 10 ml of the solution was casted in a petri dish and after evaporation of the solvent at 60 ° C the values were determined to be 0.987 wt.%.
Preparation of PANI/MMT nano-composites film
For the preparation of nano-composite films various amounts of nano-clay(0-5%) was added into PANI/ NMP solution and stirred for 3 hours with a magnetic stirrer and then the PANI/Clay mixtures in NMP were exposed to the ultrasonic waves for 5 min to get better dispersions of nanoparticles.
Finally, 45 ml of the mixture was casted in the Petri dish for preparation PANI/ cay films. After evaporation of the solvent by dipping in distilled water, polymeric films were delaminated.
